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Maximtiin  Prodticf  ion 


A  source  of  unnecessary  waste  of  fuel  originates  in  the  use  in 
boilers  of  so-called  "hard"  water.  This  leads  to  the  deposition 
upon  the  boiler  metal  of  insulating  material  contained  in  the  water 
which  retards  the  flow  of  heat  from  the  furnace  to  the  water  to  such 
an  extent  that  the  amount  of  heat  escaping  through  the  stack  is  ma- 
terially increased. 

How  a  notable  reduction  in  factory  heat  losses  may  be  effected 
through  the  substitution  of  "  softened  "  for  "  hard  "  boiler  water  is 
clearly  shown  in  this  bulletin. 

BOILER  WATER  TREATMENT/ 

If  you  cover  a  steam  pipe  with  asbestos,  magnesia,  or  other  heat- 
insulating  material,  you  keep  the  heat  in  the  steam;  if  you  line  or 
coat  a  boiler  tube  with  scale  or  other  heat-insulating  material,  you 
keep  the  heat  out  of  the  boiler  water,  and  send  it  to  the  stack.  By 
lagging  your  pipes  you  save  fuel  easily.  By  lining  your  tubes  with 
scale  you  waste  it  continuously  and  needlessly. 

THE  NATURE  AND  ORIGIN   OF  SCALE   FORMERS  IN   BOILER   WATER. 

All  natural  waters  contain  more  or  less  of  this  heat-insulatins: 
material,  partly  as  suspended  matter  (such  as  clay,  fine  sand,  in- 
soluble forms  of  iron,  aluminum,  etc.),  partly  as  dissolved  matter, 
such  as  compounds  of  calcium,  magnesium,  sodium,  potassium,  and 
other  mineral  salts. 

Much  of  the  suspended  matter,  as  well  as  most  of  the  dissolved 
matter,  may  form  scale,  but  the  suspended  matter  may  generally  be 
removed  by  filtration,  which  will  be  discussed  later. 

^  For  a  very  elaborate  discussion  of  this  subject  see  Bulletin  No.  17r)2.  University  of 
Texas,  by  W.  T.  Road  and  E.  IV  Shoch.  The  table  showing  the  calculated  reduction  of 
heat-transfer  efficiency  was  taken  from  this  source,  and  the  discussion  of  the  zeolite 
process  is  based  on  data  furnished  by  that  bulletin. 
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DISSOT.VED  MATTER  WHICH  FORMS  SCALE. 

Of  the  material  commonly  in  solution  in  boiler  waters,  the  bicar- 
bonates  and  sulphates  of  calcium  and  magnesium  are  the  most  im- 
portant scale  formers.  Natural  waters  containing  in  solution  bicjir- 
bonate  of  calcium  or  magnesium  or  both  exhibit  what  is  called 
"temporary"  or  ''carbonate''  hardness;  those  containing  dissolved 
calcium  or  magnesium  sulphate  or  both  possess  "permanent"  or 
"  sulphate  ''  hardness.  In  the  case  of  the  sulphate  scale  the  tempera- , 
lure  required  to  separate  it  is  too  high  to  make  its  removal  by  heating** 
alone  a  practical  means  of  treatment.  In  the  case  of  water  exhibit- 
ing carbonate  or  temporary  hardness  great  improvement  in  its 
properties  may  be  effected  by  the  use  of  open  heaters  of  the  exhaust 
steam  type.  As  a  rule  sulphate  scale  is  denser  in  structure  with  a 
higher  heat-insulating  value  than  carbonate  scale,  but  the  conditions 
of  formation  affect  this  considerably.  Where  a  porous  structure 
permits  water  to  penetrate  the  scale  its  heat-insulating  effect  is 
greatly  reduced. 

THE  EFFECT  OF  SCALE. 

In  many  respects  the  effect  of  an  increasing  deposit  of  scale  on 
the  passage  of  heat  through  the  walls  of  a  boiler  tube  is  very  similar 
to  the  effect  on  the  passage  of  water  through  a  tube  of  continually 
decreasing  bore.  In  the  case  of  the  water  tube,  the  only  way  to  get  a 
uniform  volume  of  water  through  it  in  a  given  time,  in  spite  of  its 
diminishing  bore,  is  continually  to  increase  the  pressure  in  the  water; 
so  in  the  case  of  a  boiler  tube  covered  with  a  dense  scale  the  only 
way  to  maintain  a  constant  flow  of  heat  from  the  furnace  to  the  boiler 
water  is  to  increase  the  "  heat  pressure,"  so  to  speak ;  that  is,  to  burn 
more  fuel. 

Heat  loss. — The  most  important  effect  of  scale  is  due  to  the  fact 
that  in  certain  forms  it  is  a  wonderful  heat  insulator.  Its  chemical 
composition  seems  to  have  little  to  do  with  its  Jieat-insulating  power, 
the  big  question  being  the  density  or  mechanical  structure  of  the 
scale.  A  series  of  experiments  by  Prof.  Schmidt,  of  the  University 
of  Illinois,  gave  the  following  results,  showing  decrease  in  heat- 
transfer  efficiency  of  tubes  coated  with  scale  of  different  thickness 
and  composition: 
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This  expressed  in  dollars  and  cents  means  that  with  a  deposit  of 
1/9  inch  of  scale,  16  cents  of  every  dollar  paid  for  coal  is  lost. 


The  data  just  given  must  not  be  regarded,  however,  as  indicating 
that  the  decrease  in  the  heat-carrying  capacity  of  scale  covered  tubes 
can  always  be  calculated  with  the  accuracy  that  these  figures  would 
indicate.  "^  The  important  facts  are,  though,  that  the  loss  is  easily  pre- 
vented and  that  the  advantages  of  soft  water  abundantly  justify  all 
expenditure  necessary  to  secure  it. 

Just  what  the  loss  is  in  any  particular  case  could  best  be  determined 
by  comparing  the  fuel  consumption  with  clean  and  then  with  scale- 
covered  tubes,  other  operating  conditions  being  kept  uniform. 

MEANS  OF  REMOVING  "  SCALE  FORMERS  "  FROM   WATER. 

The  methods  employed  in  softening  water  may  be  divided  into  two 
main  classes,  (a)  those  in  which  the  scale-forming  property  is  re- 
moved before  the  water  enters  the  boiler,  (h)  those  in  which  the 
softening  is  effected  within  the  boiler  itself  by  means  of  so-called 
"boiler  compounds." 

As  to  which  one  of  the  two  classes  of  methods  should  be  employed 
in  any  particular  case  would  depend  on  the  size  of  the  plant,  and  on 
the  character  of  the  water  to  be  softened.  In  the  case  of  waters  of 
abnormal  composition,  it  would  frequently  be  impossible  to  produce 
a  satisfactory  water  by  either  method  and  a  new  water  supply  would 
be  necessary. 

It  can  not  be  too  strongly  emphasized  that  this  question  of  water 
treatment  is  one  in  which  the  employment  of  competent  chemical  and 
engineering  knowledge  is  both  absolutely  necessary  and  highly  profit- 
able, and  it  would  be  far  wiser  to  omit  all  forms  of  water  treatment 
(involving  the  use  of  chemicals)  rather  than  to  undertake  such  with- 
out knowing  accurately  the  composition  of  the  water  and  of  the 
material  used  to  soften  it.  It  is  most  important  to  remember  that 
the  quality  of  the  water,  even  when  secured  from  the  same  source, 
varies  widely  from  time  to  time.  These  variations  are  not  only 
seasonal  and  monthly,  but  daily  and  even  hourly.  A  condition  of 
excessive  concentration  of  the  water  after  a  protracted  drought  may 
be  changed  within  an  hour  to  a  correspondingly  excessive  dilution  by 
a  summer  storm.  The  result  would  be  to  decrease  enormously  the 
percentage  of  dissolved  matter  and  to  increase,  probably  to  a  much 
greater  degree,  the  amount  of  suspended  matter. 

As  a  consequence,  a  prescribed  treatment  of  the  water  based  on  its 
analysis  at  any  particular  time  might  not  lead  to  satisfactory  results 
if  applied  at  some  other  period. 

As  an  instance  of  the  serious  danger  of  an  unintelligent  *'  dosing" 
of  boiler  waters  may  be  cited  the  results  of  a  long  series  of  investiga- 
tions which  have,  apparently,  shown  that  carbonate  of  soda  in  solu- 
tion produces  brittleness  in  boiler  steel.  Carbonate  of  soda  (soda 
ash)  is  used  in  most  water-treating  processes  and  its  unintelligent  use 
may  readily  lead  to  a  very  dangerous  condition  in  a  boiler. 

WHEN   BOILER  COMPOUNDS  MAY  BE  USED. 

Boiler  compounds  afford  a  very  useful  means  of  boiler-water  treat- 
ment in  plants  whose  size  or  value  of  output  would  not  justify  the 
use  of  a  more  expensive  method.  This  would  be  true  of  a  large 
percentage  of  the  plants  of  the  country. 


In  spite  of  a  great  variety  of  trade  names  a  very  large  percentage 
of  all  boiler  compounds  consist  most  largely  of  carbonate  of  soda,  to 
which  caustic  soda  is  sometimes  added,  and  occasionally  phosphate 
of  soda.  Starchy  materials,  and  those  containing  tannin  are  fre- 
quent ingredients.  The  supposed  effect  of  these  last  two  materials  is 
to  coat  the  particles  of  precipitated  incrusting  material  and  prevent 
its  cohesion  into  compact  scale. 

OBJECTIOXS  TO  THE  USE  OF  BOILER  COMPOUNDS. 

The  chief  disadvantage  (assuming  that  they  are  used  intelligently) 
is  the  necessity  of  frequently  blowing  down  the  boiler  to  prevent  the 
accumulation  of  "'  sludge  "  and  of  alkaline  (sodium)  salts  in  the  water, 
both  of  which  cause  foaming.  Furthermore,  this  blowing  down  must 
be  supplemented  by  washing  out,  and  occasionally  closing  down  the 
boiler  to  complete  the  removal  of  the  sludge  and  of  the  boiler  com- 
pound itself. 

Whenever  competent  supervision  of  boiler-water  treatment  is  avail- 
able within  the  plant  organization,  it  is  preferable  to  soften  the  water 
before  it  enters  the  boiler,  and  this  must  be  done  when  the  percentage 
of  scale-forming  ingredients  is  high. 

WATER  SOFTENING  BY  OTHER  CHEMICAL  MEANS. 

Bjj  treating  the  toater  before  it  enters  the  holler. — The  removal  of 
scale-forming  components  from  water  by  chemical  means,  whether 
before  or  after  entering  the  boiler,  is  accomplished  by  converting  the 
calcium  and  magnesium  compounds  into  practically  insoluble  forms, 
causing  them  to  separate  from  the  water  and  allowing  the  material 
to  be  removed  by  blowing  down,  filtering,  or  sometimes  by  settling. 
Lime  and  soda  ash  are  generally  used  for  this  purpose  when  the 
softening  occurs  before  the  wjiter  enters  the  boiler.  The  lime  com- 
bines with  the  carbon  dioxide  which  held  the  calcium  and  magnesium 
carbonates  in  solution;  these  are  no  longer  soluble  in  the  water  after 
removing  the  carbon  dioxide,  and  therefore  separate  from  it.  In  a 
similar  way  the  sulphate  scale  is  removed  by  its  conversion  to  insol- 
uble carbonate  by  the  soda  ash. 

The  Ume-Hoda  process. — There  are  in  current  use  in  power  plants 
practically  only  one  lime-soda  process,  of  which  there  are  two  varie- 
ties differing  chiefly  in  the  temi)erature  of  the  water  when  treated. 
In  all  essential  respects  the  two  varieties  are  similar.  The  treatment 
consists  of  adding  to  the  "  raw  *'  water  softening  agents  in  carefully 
controlled  amount  (which  must  agi-ee  with  the  composition  of  the 
water),  mixing  these  thoronglily  within  the  water,  and  ])ermitting 
sufficient  time  to  elapse  for  the  separation  of  the  ''sludge"  before  the 
water  is  fed  to  the  boiler. 

In  the  case  of  the  "  hot-continuous  "  process  this  separation  is  ef- 
fected more  rapidly,  which  permits  of  less  storage  capacity  than  in 
the  case  of  in  the  cold-continuous.  In  all  cases,  though,  it  is  of  the 
utmost  importance  to  provide  suffici(;nt  storage  space  to  allow  the 
sludge  to  be  completely  de|K>sited  before  the  water  is  fed  to  the 
boiler:  otherwise  the  partially  completed  softening  process  will  be 
completed  within  the  heater,  and  the  purpo.se  of  the  treatment  will  be 


largely  defeated.     Another  advantage  of  the  hot  process  is  that  it 
expels  the  air  from  the  water  and  so  reduces  the  corrosion. 

The  zeolite  process. — This  is  entirely  unlike  the  processes  described 
above  and  (unlike  them)  gives  a  water  of  zero  hardness.  The  soft- 
ening agent  is  an  artificial  material  composed  largely  of  sodium 
compounds,  which  are  exchanged  for  the  incrusting  (scale  forming) 
material  of  the  water ;  that  is,  the  water  dissolves  sodium  compounds 
from  the  softener  and  replaces  it  by  the  calcium  and  magnesium  w^hich 
had  caused  the  hardness  of  the  water.  The  hard  water  simply  flows 
over  the  permutit  packed  in  a  cylinder  or  is  forced  up  through  it  and 
flows  from  it  with  all  scale- forming  material  removed.  After  a  time 
the  softener  must  be  regenerated  by  allowing  a  solution  of  salt  to 
flow  over  it,  restoring  its  original  composition  and  activity.  The 
"  permutit "  process  is  a  well-known  efficient  variety  of  the  zeolite 
treatment. 

ADVANTAGES  AND  DISADVANTAGES   OF   ZEOLITE   PROCESS. 

The  construction  and  operation  of  this  softening  equipment  is 
extremely  simple,  and,  as  already  stated,  water  of  zero  hardness  is  fur- 
nished. On  the  other  hand,  in  the  case  of  water  of  a  high  degree  of 
temporary  or  carbonate  hardness  there  is  a  correspondingly  large 
amount  of  sodium  salts  introduced  into  the  water  so  that  foaming  is 
liable  to  occur  (as  is  liable  to  occur  when  softening  water  of  a  similar 
composition  by  means  of  boiler  compounds).  In  such  cases  the  fol- 
lowing modified  form  of  the  zeolite  process  is  used. 

THE    LIME    ZEOLITE    PROCESS. 

In  this  an  intermittent  or  continuous  tank  equipment,  as  described 
already  under  the  lime-soda  process,  is  connected  through  a  filter  to  a 
zeolite  softener.  Only  lime  is  used  in  the  tank,  the  soda  compound 
being  secured  from  the  zeolite.  The  filter  is  placed  between  the 
tank  and  the  zeolite  softener  to  avoid  any  sludge  coating  the  per- 
mutit particles  and  so  impair  its  efficiency. 

Filters. — No  process  of  water  softening  is  satisfactory  unless  the 
amount  of  suspended  matter  is  reduced  to  a  minimum.  In  the  case 
of  very  finely  divided  matter  this  may  be  done  by  adding  so-called 
coagulants — alum,  for  example — but  these  should  be  used  with  ex- 
treme caution  and  always  under  expert  direction.  Ordinarily,  though, 
such  suspended  matter  is  removed  by  filters,  of  which  the  sand  filter 
with  a  down  flow  of  the  water  is  the  most  satisfactory  type.  They  are 
not  expensive  either  in  original  or  maintenance  costs. 

REMOVING  SCALE  ALREADY  FORMED. 

The  purpose  of  the  methods  described  above  is  to  prevent  the 
formation  of  scale.  There  is  another  class  of  water-treating  mate- 
rial used  largely  to  remove  scale  already  formed  and  to  some  extent 
prevent  the  formation  of  new  scale.  Graphite  and  kerosene  are  most 
often  used  for  these  purposes.    Their  action  seems  entirely  mechanical. 

Opinions  as  to  the  desirability  of  their  use  vary  from  enthusiastic 
commendation  to  absolute  condemnation,  though  their  use  seems  gen- 
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erally  approved  by  practical  men.  Neither  should  be  used,  however, 
in  boilers  in  which  there  is  already  a  heavy  deposit  of  scale,  as  the 
looseninor  of  this  and  its  accuniuhition  in  the  bottom  of  the  boiler 
is  apt  to  lead  to  blistered  and  bagged  boiler  metal.  Both  graphite  and 
kerosene  should  be  used  very  cautiously.  Kerosene,  if  used  in  exces- 
sive quantity,  is  apt  to  distil  over  and  attack  gaskets. 

SOME  EXAMPLES  OF  ECONOMIES  EFFECTED  BY  SOFTENING  WATER. 

Tliere  is  a  very  direct  relation  between  softening  water  and  saving 
fuel;  the  following  are  a  fcAv  cases  reported  of  such  economies. 

1.  A  marble  company  reports  a  saving  of  21  per  cent  of  fuel  by 
softening  its  boiler  water. 

2.  A  crucible  steel  company,  by  substituting  soft  for  hard  water, 
effected  a  saving  of  3,C)00  tons  of  coal  per  annum,  which  based  on  cur- 
rent prices  would  be  valued  at  about  $22,000. 

3.  The  Chicago  &  Xorthwestern  Railroad  Co.,  comparing  its  op- 
erating expenses  in  1902-3  before  and  after  softening  its  water  supply 
reported  a  saving  of  $75,000  per  annum.  This  saving  was  effected  at 
a  period  when  coal  cost  probably  less  than  one-half  the  prices  charged 
to-day  (1918). 

4.  In  addition  to  these,  other  cases  have  been  reported  in  which 
the  profits  resulting  directly  from  the  substitution  of  soft  for  hard 
water  have  been  reported  as  varying  from  32  per  cent  on  an  invest- 
ment of  $7,200  to  71  per  cent  on  an  investment  of  $7,000.  These 
profits  resulted  largely  from  the  elimination  or  reduction  of  op- 
erating costs,  such  as  cleaning  heaters,  piping,  and  economizers,  cost 
of  cleaning  instruments,  interest,  and  depreciation  on  spare  or  idle 
boiler,  etc. 

5.  Furthermore,  it  has  been  estimated  that  the  use  of  hard  water 
in  a  great  number  of  the  locomotive  boilers  of  the  country  involves 
the  consumption  of  15,000,000  tons  of  coal  more  than  would  be  needed 
were  soft  water  only  used. 

6.  A  steel  company,  whose  annual  output  is  50,000  tons,  reports 
a  saving  of  200  pounds  of  coal  per  ton  of  steel  resulting  from  the 
softening  of  its  boiler  water. 

The  above  are  convincing  evidences  of  the  opportunity  presented 
to  power-plant  operators  for  saving,  by  means  of  water  softening, 
a  very  considerable  proportion  of  the  coal  which  will  be  mined  dur- 
ing tne  current  year. 

The  United  States  Fuel  Administration  feels  that  it  can  count  very 
confidently  on  the  adoption  by  all  power-plant  operators  of  this 
simple  and  effective  means  of  fuel  economy  which  is  of  such  especially 
vital  concern  at  present. 
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